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By John Burton and Nicholas W. Kir incich 

SUMMARY 

This r epor t  i s  presented as a r e s u l t  of t h e  lower l i f t - to -drag  r a t i o  
(L/D) which i s  now expected f o r  r een t r i e s  f o r  t h e  Apollo lunar  r e t u r n  
missions and of a s l i g h t  change t o  the reent ry  guidance log ic .  

It presents  t h e  updated velocity-versus-alt i tude p l o t s  which show 
t h e  VHF-band, S-band, and C-band blackout regions.  P lo t s  of t i m e  versus 
a l t i t u d e  and range versus a l t i t u d e  f o r  each case are provided t o  compli- 
ment each veloci ty-versus-al t i tude plot .  

These p lo t s  revea l  t h a t  t h e  steeper reent ry  f l igh t -pa th  angles and/or 
longer ranges t o  t a r g e t s  r e s u l t  i n  the possible  acqu i s i t i on  of communica- 
t i o n  during t h e  sh ip  phase of t he  reentry.  
angles en ter  t h e  blackout region earlier than t h e  nominal case.  

Also t h e  s teeper  f l igh t -pa th  

INTRODUCTION 

A preliminary study of t h e  communications blackout region f o r  t h e  
AS-504 reent ry  w a s  published i n  reference 1. 
mission cha rac t e r i s t i c s  have been revised and t h e  r een t ry  guidance log ic  
has been updated. 

Since t h a t  t i m e  t h e  nominal 

The current  nominal lunar  landing mission has a reent ry  i ne r t i a l  
v e l o c i t y  of' 36 066 f p s  and an  i n e r t i a l  f l igh t -pa th  angle of -6.40'. 
assist i n  t h e  establishment of preliminary r een t ry  and recovery procedure, 
it i s  necessary t o  def ine  communication blackout regions f o r  nominal and 
non-nominal en t ry  conditions.  A s  i n  t h e  preliminary s tudy,  t h e  f l i g h t -  
path angle ,  range t o  t a r g e t ,  and L/D are var ied while t h e  nominal entry 
v e l o c i t y  i s  held constant.  

To 

This da t a  i s  presented t o  reveal  t h e  e f fec t  t h e  guidance log ic  rev i -  
s ions  have on t h e  new nominal f l i g h t  cha rac t e r i s t i c s .  
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ANALYSIS AND RESULTS 

The t r a j e c t o r i e s  presented were calculated using a modified vers ion 
of t h e  GE MASS program and t h e  Colossus reent ry  guidance log ic  ( r e f .  2 ) .  
The reent ry  fl ight-path angles were chosen t o  be i n  t h e  middle, near t h e  
undershoot, and near the  overshoot boundaries of the  reentry cor r idor .  The 
t a r g e t  ranges from an a l t i t u d e  of 400 000 ft  were 1500, 2000, and 2500 n. m i .  

Each case was run f o r  L/D's  of 0.25, 0.30, and 0.36 with t h e  entry 
ve loc i ty  of 36 066 fps .  

Figures 1 through 27 present ,  f o r  a l l  L / D ' s ,  ve loc i ty  versus a l t i t u d e ,  
a l t i t u d e  versus range, and a l t i t u d e  versus time from reent ry  i n  a recur r ing  
sequence f o r  various combinations of t a r g e t  ranges and f l igh t -pa th  angles.  
The velocity-versus-alt i tude p l o t s  ( f i g .  1, 4, 7,  . . . , 25) show VHF-band, 
S-band , and C-band blackout regions.  The a l t  itude-versus-range and 
altitude-versus-time-from-reentry p l o t s  ( t h e  remaining p l o t s )  provide an 
easy t r a j ec to ry  reference f o r  t h e  ve loc i ty  and a l t i t u d e  da ta .  

Data used t o  def ine  t h e  VHF-band, S-band, and C-band communication 
blackout curves were obtained from reference 3. Using t h i s  da ta  f o r  t h e  
nominal lunar r e t u r n  i n e r t i a l  reent ry  ve loc i ty  of 36 066 f p s  , communication 
blackout f o r  t h e  C-band, S-band, and VHF-band frequencies w i l l  occur a t  
t h e  a l t i t u d e  of 294 QQO f t ,  305 000 f t ,  and 332 000 f t ,  respect ively.  
This i s  t r u e  f o r  a l l  t h e  t r a j e c t o r i e s  invest igated;  however , t h e  elapsed 
time from 400 000 f t  t o  communication blackout var ied  depending on t h e  
entry i n e r t i a l  f l igh t -pa th  angle ,  such t h a t  t h e  s teeper  t h e  f l igh t -pa th  
angle,  t h e  ea r l i e r  t h e  blackout a l t i t u d e  w a s  reached. Range t o  t a r g e t  
had no ef fec t  on elapsed t i m e  t o  t h e  i n i t i a l  blackout a l t i t u d e  s ince  
t h e  guidance log ic  w i l l  f l y  t h e  same t r a j e c t o r y  t o  0.05 g or about 
300 000-ft a l t i t u d e ,  a t  which point blackout a l t i t u d e s  have e s s e n t i a l l y  
been reached. There were no e f f e c t s  on elapsed t ime t o  blackout due t o  
L/D changes since the  aerodynamic forces  a r e  e s s e n t i a l l y  negl ig ib le  above 
an a l t i t u d e  of 300 000 f t .  Table I shows t h e  communication blackout 
a l t i t u d e s  and elapsed time from 400 000 f t  t o  blackout f o r  t h e  cases 
invest igated.  

After  entry i n t o  t h e  communication blackout region the  spacecraf t  
might be required t o  ga in  a l t i t u d e  i n  order t o  reach a long t a r g e t .  
of t h i s  gain i n  a l t i t u d e  or so ca l l ed  "skip phase", t h e  spacecraf t  i s  ab le  
t o  e x i t  t h e  blackout region. 
frequency was reacquired ea r ly  i n  t h e  t r a j e c t o r y  and w a s  maintained f o r  
t h e  r e s t  of t he  f l i g h t ;  however, i n  most cases where t h e r e  w a s  a skipout 
of t h e  communication blackout region t h e  blackout region w a s  reentered.  

Because 

I n  a few cases t h e  C-band and/or S-band 

* 

C 

Table I1 presents  t h e  elapsed t ime and a l t i t u d e s  t h a t  each t r a j e c t o r y  
spent i n  and out  of t h e  blackout region. This t a b l e  a l so  shows which 
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t r a j e c t o r i e s  do not gain enough a l t i t u d e  t o  leave t h e  blackout region 
during t h e  sk ip  phase of t h e  t r a j ec to ry .  It a l s o  shows those  t r a j e c t o r i e s  
t h a t  leave t h e  blackout regions and do not s l i p  i n  again.  

CONCLUSION 

The same two basic  t rends  were observed i n  t h i s  study as t h e  previous 
one. 
l og ic  w i l l  s t e e r  t o  a higher peak a l t i t u d e  than  it w i l l  f o r  t h e  nominal 
r een t ry  f l igh t -pa th  angle.  The guidance log ic  w i l l  a l s o  s t e e r  t h e  
spacecraf t  t o  a higher peak a l t i t u d e  f o r  t h e  longer ranges t o  t a r g e t .  
Thus, f o r  a s t eep  reentry f l ight-path angle and/or long range t o  t a r g e t  
a higher peak a l t i t u d e  w i l l  be reached which could r e s u l t  i n  communication 
acquis i t ion  during t h e  sk ip  phase of t h e  reent ry .  

The f i r s t  i s  t h a t  f o r  a steep reent ry  f l ight-path angle,  t h e  guidance 

A second t rend  i s  t h a t  f o r  a steeper reent ry  f l igh t -pa th  angle t h e  
blackout region w i l l  be entered e a r l i e r  than  f o r  t h e  nominal r een t ry  
f l igh t -pa th  angle. 
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Figure 1.- Communications blackout region for lunar returns with a range to target at reentry 

of 1500 nautical miles and a flight-path angle of -5.7 degrees. 
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Figure 2 . -  Altitude versus range to target for a lunar return with a range to target at reentry 
of 1500 nautical miles and a flight-path angle of -5.7 degrees. 
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Figure 3.- Altitude versus time from reentry with reentry range of 1500 nautical miles 
and a flight-path angle of -5 .7 degrees. 
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Figure 22.- Communications blackout region for lunar returns with a range to target at reentry 
of 2500 nautical miles and a flight-path angle of -6.30 degrees. 
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Figure 23.- Altitude versus range to target for a lunar return with a range to target at reentry 
of 2500 nautical miles and a flight-path angle of -6.30 degrees. 
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Figure 25. - Communications blackout region for lunar returns with a range to target at reentry 
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Figure 26.- Altitude versus range to target for a lunar return with a range to target at reentry 
of 2500 nautical miles and a flight-path angle of -6.70 degrees. 
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